Background and Purpose-Blood pressure measured on 2 occasions in 2 large prospective cohort studies in Scotland was related to stroke, defined as stroke mortality or hospital admission for stroke. The purpose was to investigate whether 2 blood pressure readings gave a more accurate estimate of stroke risk over a long follow-up period than 1 reading. Methods-In the 1970s, the Renfrew/Paisley general population study investigated 3060 men and 3502 women and the Collaborative study investigated 2683 employed men on 2 occasions. The mean years between screening were 4 and 5, respectively. Blood pressure measured on the 2 occasions was related to stroke risk in 17-year and 21-year follow-up periods after the second screening, respectively. Results-For both systolic and diastolic blood pressure, the mean of the measures on the 2 occasions, the maximum of the 2 measures and the measure corrected for regression dilution was more strongly related to stroke over the follow-up periods than either single measure. Conclusions-Two blood pressure measurements seem better than 1 for indicating stroke risk. Underestimation using single measures will lead to both misclassification of the risk of disease for individuals and also the populationattributable risk of disease associated with elevated blood pressure. Key Words: blood pressure Ⅲ epidemiology Ⅲ prospective studies Ⅲ stroke prevention A single measure of a risk factor may underestimate the underlying risk factor-disease associations. Statistical corrections have been made for this, 1,2 but they are based on a number of assumptions, which may or may not hold. 3 It is important to empirically examine this issue in studies with repeat measurements. We have investigated the relationship between blood pressure measured on 2 occasions and stroke in 2 large, prospective cohort studies in Scotland.
A single measure of a risk factor may underestimate the underlying risk factor-disease associations. Statistical corrections have been made for this, 1,2 but they are based on a number of assumptions, which may or may not hold. 3 It is important to empirically examine this issue in studies with repeat measurements. We have investigated the relationship between blood pressure measured on 2 occasions and stroke in 2 large, prospective cohort studies in Scotland.
Methods
The Renfrew/Paisley study was carried out between 1972 and 1976 on 15 406 residents aged 45 to 64 years from the towns of Renfrew and Paisley. 4 Between 1977 and 1979, 8532 residents attended for rescreening. On each occasion, blood pressure was recorded as the mean of 2 measurements taken with the subject seated, using a London School of Hygiene sphygmomanometer and a cuff of 12ϫ22 cm. Diastolic pressure was recorded at the disappearance of the fifth Korotkoff sound. After the exclusion of participants with missing blood pressure readings on either occasion and those reporting previously detected high blood pressure or treatment for it, the cohort comprised 3060 men and 3502 women. The Collaborative study similarly screened 5766 working men aged 35 to 64 years between 1970 and 1973 and rescreened 2686 in 1977. 5 After exclusion of participants with missing blood pressure measurements, there were 2683 men (because there was no relevant question, we were unable to exclude men with previously recorded high blood pressure). A computerized linkage with the Scottish Morbidity Records (SMR) system provided records of all acute inpatient discharges with main diagnoses of stroke occurring after the second screening. 6 Participants were flagged by the NHS Central Register in Scotland, which provided information on deaths. Stroke was defined as either having a hospital discharge record with a main diagnosis of stroke or dying of stroke in the follow-up period after the second screening. Stroke was defined as International Classification of Diseases, 8th Revision (ICD-8), or ICD-9 codes 430 to 438, and ICD-10 codes I60 to I69 and G45. Follow-up periods were 17 years for the Renfrew/Paisley study and 21 years for the Collaborative study. The mean years between screening were 4 and 5, respectively. Each individual's average diastolic blood pressure and average systolic blood pressure were calculated from the measures on the 2 occasions. The maximum of the 2 diastolic and the 2 systolic blood pressure measurements were also calculated. The Cox proportional hazards models were used to calculate the relative rates associated with a 10-mm Hg increase in blood pressure for each individual measure, for the averages, and for the maximum measures. Additionally, the regression dilution method was used to find the corrected associations. 1, 2 This method attempts to obtain a more accurate estimate of usual blood pressure than a single measure. Single measures are subject to both measurement errors and real deviations from usual blood pressure, resulting in the underestimation of the relationship between blood pressure and disease. This is because the lowest category of blood pressure contains proportionally more people whose blood pressure reading is lower than their usual, and the highest category contains proportionally more people with a higher-than-usual blood pressure reading. The second measure of blood pressure was used to correct for this underestimation with the following method. The baseline measures were divided into quintiles, and the mean measure for each fifth was calculated for both the first and second measures by using the baseline quintiles. The range was taken as the difference between the top and bottom fifths. The regression dilution ratio was calculated as the ratio of the range for the second measure to the first measure (Table 1) . These ratios were similar to those from other studies. 1,2 The corrected association was estimated by multiplying the uncorrected regression coefficient from the baseline measure by the inverse of the regression dilution ratio.
Results
In the follow-up periods, 224 men and 237 women from the Renfrew/Paisley study and 194 men from the Collaborative study had a hospital discharge for, or died of, stroke. Higher blood pressure was associated with higher relative rates of stroke (Table 2 ). For men in the Renfrew/Paisley study, the relative rate of stroke was stronger for the mean diastolic blood pressure, the maximum diastolic blood pressure, and the corrected diastolic blood pressure measurements than for either the first or the second diastolic blood pressure measurements individually. The same effect was seen for systolic blood pressure. Similar results were seen for the Renfrew/ Paisley women, although the relative rates for systolic blood pressure appeared stronger than for the Renfrew/Paisley men. For the Renfrew/Paisley women, the same relative rates were seen for the mean, maximum, and corrected systolic blood pressures. The relative rates for the Collaborative men followed the same pattern, and for this cohort the same relative rates were seen for the mean, maximum, and corrected diastolic blood pressures. The relative rates were higher than for the Renfrew/Paisley study, but this could have resulted from the longer follow-up period or the exclusion of participants with high blood pressure from the Renfrew/Paisley study. For each cohort, the relative rates corrected for regression dilution were stronger than, or the same as, the relative rates for mean and maximum diastolic or systolic blood pressure, with the exception of the maximum diastolic blood pressure for the Renfrew/Paisley women.
Discussion
Previous studies have used models to suggest that there is underestimation of the strength of associations of disease with blood pressure and have suggested that repeat measurements be made. 1, 2 We have shown that in all cases investigated, the average, the maximum, or the corrected measure had a stronger relationship with stroke than a single measure. The degree to which single measures underestimate the underlying strength of association seems to be similar to that predicted from models. This underestimation will lead to both misclassification of the risk of disease for individuals-of importance, given the increasing use of risk-based guidelines for treatment of elevated blood pressure-and also the population attributable risk of disease associated with elevated blood pressure and the potential for reducing this through programs aimed at lowering the mean blood pressure of the population.
